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Abstract.— T\vQ immature states of X adela Franclemont and X. dolosa Fran-

clemont are structurally indistinguishable except for size. In laboratory rearings

the average maximum weight of the last larval instar of X. dolosa was about

double that of X. adela\ the average weight of X. dolosa pupae was similarly

greater than that of X. adela. The difference in size, measured as the width of the

larval head capsules, increased after the fourth instar; at this time the head capsule

of X. dolosa became distinctively darker. Eight enzymes were surveyed by elec-

trophoresis; two were found to completely distinguish larvae, pupae, and adults

of the two species in sympatric populations.

Xestia adela Franclemont and Xestia dolosa Franclemont are recently recog-

nized sibling species (Franclemont, 1980) of what was previously known in North

America as the spotted cutworm, Xestia c- nigrum (L.). As such they are reported

to have caused economic damage in localized outbreaks (Beirne, 1971). Xestia

adela is the more widely distributed, occurring in the northern and central United

States and throughout most of Canada, whereas X. dolosa is restricted to the

northeastern and central United States and southeastern Canada (Franclemont,

1980). In the east, where the two species occur sympatrically, it is not known if

accounts of damage by X. c- nigrum can be attributed to one or both species.

Adults of X. adela and X. dolosa can usually be distinguished on the basis of

characters of the genitalia and reproductive system (Franclemont, 1980; Hudson,

1981), and by selected measurements of the head and wings; they can also be

distinguished electrophoretically by allozymes of adenylate kinase (Hudson and

Lefkovitch, 1980).

The use of allozymes (alleles at a single locus) as species diagnostic characters

was described by Ayala and Powell (1972) for distinguishing sibling species of

Drosophila, and these authors established criteria for selecting loci which could

be safely considered to be diagnostic. Since then, electrophoretic keys have been

constructed for the identification of adults and larvae of several groups of insects

that are difficult to identify by structural characters (e.g.. Miles, 1979; Berlocher,

1980).

The immature stages of X adela and X. dolosa are structurally indistinguishable,

except in terms of maximum size. As Amathes c- nigrum the larvae have been
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Table 1 . Maximum weights reached by larvae and pupae of X. adela and X. dolosa under two

different temperature and photoperiod regimes.

Temp.



6 1

4
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Table 2. Number of days spent at each developmental stage by X. adela and X. dolosa under two

different regimes of temperature and photoperiod (mean values taken from 25-35 insects ±SE)

24°C 16L:8D 21°C 12L:12D

Species
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Fig. 1 . a. Growth of head width of 1 st- to 6th-instar larvae of Xestia adela (solid line) and X.

dolosa (broken line), b, Growth ratios for 1 st-6th instars as above.

Comparisons of larval growth in the two species were made in terms of head

capsule widths. Little difference was evident between them until the fourth instar

(Fig. 1 a) when the mean width for X. adela was 1.19 mm± 0.0 1 9 (84 individuals),

and for X. dolosa 1.33 ± 0.023 mm(81). After the fourth instar the difference in

size between the species increased at each moult until at the sixth instar (prepupa)

the mean head width of X. adela larvae was 2.40 ± 0.033 mm(55) and of X.

dolosa larvae 2.90 ± 0.02 mm(54). Growth ratios (the ratio of the means for two

successive instars) are shown in Fig. lb, and follow a similar pattern in both

species. The ratios for instars 1-2, 2-3, and 3-4 were highest, dropping slightly

for instar 4-5 and 5-6. The mean growth ratio for X. adela was 1.48 and for X.

dolosa it was 1 .52. A small number of the insects reared at 2 1°C, 1 2L: 1 2D under-

went an additional moult and the resulting adults from these larvae had slightly

larger head widths. After the fourth instar the head capsules of X. dolosa became
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Fig. 2. Head capsules of Xestia dolosa (top) and X. adela (bottom) larvae. Right to left, 4th-6th

instars.

more heavily pigmented than those of X. adela (Fig. 2) and individuals could

usually be distinguished in this way.

Electrophoresis.— All the enzymes surveyed in the larval stages had been ex-

amined previously in field populations of adults, and allele frequencies and seg-

regation data of the polymorphic enzymes in the species have been reported

(Hudson and Lefkovitch, 1982). In the present study we have surveyed eight

enzymes and selected, for the purpose of identification, those which are diagnostic

either because they occur as single banded isoenzymes with different electropho-

retic mobilities (i.e., are monomorphic), or because although polymorphic, there

are certain alleles that can be used to identify the species with a probability greater

than 99.9%.

The enzyme Idh was monomorphic, with a different band characterizing each

species. It can be used to identify immatures in Ontario populations by Idh allele

1.0 which typifies X. adela and Idh 1.1 which typifies X. dolosa (Fig. 3a). The
same band distinguished adults in which extracts of the abdomens stained in-

tensely, but the thoraces only faintly. Adk was polymorphic with four alleles (0.94,

0.96, 1.0, 1.03) seen in the larval stages. Adk allele 1.0 was characteristic of X
adela and Adk 0.96 of X. dolosa (Fig. 3b). This Adk locus was used to identify

moths in collections from four locations in Ontario and in a collection of X.

c-nigrum made in Oxford, England. In the latter collection Adk allele 1.0 was

found in 55%of the individuals and 0.96 in none (Hudson and Lefkovitch, 1982).

The remaining enzymes were either monomorphic for the same band in both

species (a-Gpdh and Got), or polymorphic (Hk, Mpi, Pgi, Pgm) with the same
alleles as those found in the previous study of adult moths, and so are not useful

for direct identification of individuals. Only larvae of the spring broods were
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Fig. 3. Diagnostic enzymes isocitrate dehydrogenase (Idh) and adenylate kinase (Adk) in the larvae

and adults oi Xestia adela and X. dolosa. Idh: left to right, 1-4, X. adela 4th-6th (prepupa) instars;

5-8, X. dolosa 4th-6th (prepupa) instars; 9-10, X. adela pupae; 1 1-13, X. dolosa pupae (13 = pharate

adult); 14-15, X. adela newly emerged adults (<J, 2); 16-17, X. dolosa newly emerged adults (5, 9). Adk:

left to right, 1-2, X. adela 2nd and 3rd instars; 3-5, X. dolosa lst-3rd instars; 6-9, X. adela 4th-6th

(prepupa) instars; 10-13, X. dolosa 4th-6th (prepupa) instars; 14-15, X. adela pupae; 16-17, X. dolosa

pupae; 18-19, X. adela newly emerged adults (3, 2); 20-21, X. adela 14 day old adults {$, 2).

examined but on the basis of adult studies it is probable that summer brood larvae

can be distinguished in the same way.

The existence of diagnostic enzymes provides a direct and definitive method
of identifying field collected larvae associated with crop damage by the "spotted

cutworm," and to provide information on host preference and feeding behaviour

of these sibling species. It is possible also that the difference in the intensity of

head capsule pigmentation, seen in our samples, could be used to identify larvae

of these species in the field, provided its validity within large sympatric popu-

lations is first confirmed by electrophoresis.

The later appearance of X. dolosa compared to X. adela in both spring and

summer broods in Ontario is predictable from the differing lengths of time required

to complete development. Hinks and Byers (1976) showed that the length of time

taken to reach maturity by different species of Euxoa was not related to size and

this seems to be true also for these species of Xestia. The results of the laboratory

rearings also show that the effect on growth of lower temperature and shorter

photoperiod, as indicated by the relative extensions of duration of development,

is greater in X. dolosa than in X. adela and may account for the lower number
of second field generation X. dolosa adults collected at the northern limits of its

distribution.
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